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Abstract
Introduction: Endodontic sealer residues on dentinal surface have 
negative effects on adhesion of adhesives system and/or can cause 
discoloration of the dental crown. Objective: To evaluate the efficacy 
of 95% ethanol in removal of residues of epoxy-based (AH Plus), 
methacrylate-based (Epiphany SE) or calcium-based (Sealapex) 
sealers on dentinal surface. Material and methods: Thirty-two 
bovine incisor dental crown fragments (0.5 mm x 0.5 mm) were 
treated with 17% EDTA and 2.5% NaOCl. The specimens were 
divided into three experimental groups (n = 10): G1 (AH Plus), 
G2 (Epiphany SE) and G3 (Sealapex). In each group was applied 
a coating of one endodontic sealer type and were left undisturbed 
for 5 minutes. After this period, the specimens were cleaned with 
95% ethanol. The control group was composed by two specimens 
that did not receive any sealer or cleaning treatment. The sealer 
residues persistence after cleaning with 95% ethanol was evaluated 
by scanning electron microscopy (x500) and a score system was 
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applied. Data obtained were analyzed by Kruskal-Wallis and Dunn 
tests (α = 5%). Results: Moderate amount of endodontic sealer 
residues were observed in all groups, regardless of the endodontic 
sealer compositions. G1, G2 and G3 presented similar amount of 
sealer residues on dentinal surface after cleaning with 95% ethanol 
(p > 0.05). Conclusion: 95% ethanol was inefficiency to remove 
completely AH Plus, Epiphany SE and Sealapex residues of sealer-
contaminated dentin.
Introduction 
An essential procedure of the endodontic 
treatment is to provide a complete obturation 
of root canal and to develop an adequate fluid-
tight seal mainly at the apical third [2]. Actually, 
different sealers have been proposed, mainly 
containing calcium, methacrylate or epoxy resin 
in their compositions [6, 21, 24].
Sealapex (SybronEndo, Romulus, MI, USA) 
is a calcium-based sealer, composed of two 
pastes: a catalyzer paste (isobutyl salicylate 
resin, silicon dioxide, bismuth trioxide, titanium 
dioxide pigment) and a base paste (N-ethyltoluene 
sulfonamide resin, silicon dioxide, zinc oxide, 
and calcium oxide). This sealer has acceptable 
biological compatibility, but may lead to slight 
crown discoloration over time [4, 8]. 
AH Plus (Dentsply De Trey, Konstanz, Germany) 
is an epoxy-based cement, also composed of two   
pastes: paste A (bisphenol-A epoxy resin, bisphenol-
F epoxy resin, calcium tugstate, zirconium 
oxide, sí l ica and iron oxide pigments) and 
paste B (dibenzyldiamine, aminoadamantane, 
t ricyclodecane-diamine, ca lciun tungstate, 
zirconium oxide, silica, and silicone oil). This 
material is routinely used as gold standard material 
for testing endodontic sealer [1]. Notwithstanding, 
the persistence of this sealer on pulp chamber 
dentine reduces the microtensile bond of self-
etching adhesives [22].
Following recent advances in adhesives systems, 
methacrylate-based resin sealers were developed 
to be used in radicular obturation. Epiphany 
(Pentron Clinical Technologies, Wallingford, CT) 
was the first methacrylate-based sealer used in 
endodontics. This sealer is basically composed 
by resins (Bis-GMA, UDMA, PEGDMA, EBADMA), 
fillers (barium sulphate, bismuth oxychloride, 
calcium hydroxide, silica, and silane-treated 
barium-aluminosilicate glass), colouring pigment, 
dual-cured initiators (cumene hydroperoxide, 
thiosinamine, champhorquinone), and stabilizer 
(butylated hydroxytoluene [2,6-di-tert-butyl-4-
methylephenol]) [11]. In first generation, this system 
had a core material (Resilon), a dual-curing resin-
based sealer (Epiphany) and a self-etching primer 
[21]. In second generation, Epiphany self-etch (SE) 
system has only two components: Epiphany self-
adhesive sealer (Epiphany SE; Parkell, Farmigton, 
NY, USA) and Resilon. Acid resin monomers that 
are originally found in SE primers have been 
incorporated into the self-adhesive resin-based 
sealers, reducing the application time and the 
possibility of errors during adhesive procedures 
[12]. The system has possible capability to create 
a “monoblock” between the radicular dentin wall 
and root canal obturation [12]. 
Presence of residues of endodontic materials 
interferes in the prognosis of the endodontic 
treatment [13, 19]. Presence of endodontic sealer 
residues on the pulp chamber dentin may cause 
crown discoloration and/or negatively affect the 
bond strength of dentin adhesives [4, 20, 22]. 
To prevent these adverse effects, an appropriate 
cleaning of the pulp chamber dentin should 
be carried out. Several solutions containing 
ethanol, ethyl acetate and acetone have been 
recommended for removal of debris and residues 
from the dentin surface [23]. Ethanol is one of 
the most recommended cleaning substances to 
dentin cleaning after root canal obturation [14]. 
However, there are no studies that assessment its 
effectiveness to remove endodontic sealer residues 
of different chemical composition.
The aim of this study was to evaluate the 
efficacy of 95% ethanol on the removal of residues 
of epoxy-based (AH Plus), methacrylate-based 
(Epiphany SE) or calcium-based (Sealapex) sealers 
on dentinal surface crown of bovine teeth.
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Material and methods
Thirty-two freshly extracted bovine permanent 
incisors, stored into a solution of 0.1% thymol at 
4°C were used. Thirty-two tooth fragments with flat 
dentin surfaces, measuring 0.5 cm x 0.5 cm, were 
obtained from the buccal surface of dental crowns 
using a slow-speed Isomet precision saw (Buehler 
Ltd, Lake Bluff, IL, USA) under water irrigation. 
Next, 17% EDTA (Biodinâmica Ind. Com, Ibiporã, 
PR, Brazil) was applied onto the dentin surfaces 
for 3 minutes. Specimens were then washed with 
2.5ml of 2.5% NaOCl (Asfer, São Caetano do Sul, 
SP, Brazil) and dried with an air stream. 
The specimens (n = 10, each group) received 
a layer of: G1 – AH Plus sealer (Dentsply, DeTrey, 
Germany), G2 – Epiphany SE (Pentron Clinical 
Technologies, Wallingford, CT) or G3 – Sealapex 
(SybronEndo, Romulus, MI, USA) which was 
spread evenly over the dentin surface with a 
microbrush (Microbrush Int., Grafton, WI, USA) 
and left undisturbed for 5 minutes. The sealers 
were mixed and handled according to manufacturer 
recommendations. Following, the dentine surfaces 
were wiped using cotton pellets saturated with 
95% ethanol (Rinse-N-Dry, Racine, MI, USA), 
until the surface appears visibly clean. After 
this step, no additional rinsing was performed. 
Control specimens (n = 2) did not receive sealer 
application. All specimens were prepared by the 
same operator.
SEM ev�lu�tion
For SEM analysis, the specimens were dried 
at room temperature for 7 days, dehydrated in 
silica for 24 h, mounted onto aluminum stubs 
with silver paint, sputter-coated with gold, and 
examined under a DSM 940A scanning electron 
microscope (Carl Zeiss, Oberkochen, Baden-
Wurttemberg, Germany) operating at 15 kV. Each 
fragment was initially visualized at x100, and 
for assessment of the amount of sealer residues, 
further observations under x500 were conducted 
in 4 different fields. A representative image of 
each specimen at x500 was used for evaluation. 
Evaluation of the amount of sealer residues onto 
the dentine surface was carried out by attributing 
scores, as follows: Score 1 – no smear layer 
and all the tubules opened; Score 2 – minimum 
amount of smear layer and >50% of the dentine 
surface clean; Score 3 – moderate amount of 
smear layer and <50% of the dentine surface 
clean; Score 4 – heavy smear layer with almost 
all tubules obstructed [17]. SEM evaluations were 
performed by two examiners who were blind to the 
experimental groups. The examiners were initially 
calibrated using the reference SEM images. The 
scores were compared, and when a difference 
was found, the evaluators together examined the 
sample. Data were submitted to Kruskal-Wallis 
and Dunn tests, at 5% significance level. 
Results
The 95% ethanol did not provide the complete removal of endodontic sealer residues on dentinal 
surface. The residues persistence was similar and there is no statistical difference among experimental 
groups (p > 0.05). In all specimens were observed a moderate amount of endodontic sealer residues 
coating the dentinal surface. Table I shows the frequency of scores assigned, mean and median scores 
in the experimental groups, regarding the presence of residues on dentin. SEM images representative of 
control group and experimental groups (G1, G2 and G3) are shown in figure 1. In control specimens, 
dentinal tubules were visible and dentinal surface without debris.
Table I – Frequency o� scores �ssigne�, �e�n �n� �e�i�n scores in t�e experi�ent�l groups, reg�r�ing t�e 
presence o� resi�ues on �entin
G1 – AH Plus G2 – Epiphany SE G3 – Sealapex
Score 1 0 0 2
Score 2 4 3 0
Score 3 5 6 6
Score 4 1 1 2
Mean scores 2.6 2.5 2.2
Median 2.5 2 2
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Discussion
Through SEM analysis, was possible to observe 
that 95% ethanol did not provide the complete 
removal of residues of epoxy-based (AH Plus), 
methacrylate-based (Epiphany SE) or calcium-
based (Sealapex) sealers of dentinal surface. All 
specimens showed moderate amount of endodontic 
sealer residues on bovine dentine crown.
The method used to evaluate the presence of 
residues was through the analysis of dentine surface 
using scanning electron microscopy [9, 15]. Flat 
dentin fragments (0.5 cm x 0.5 cm) from bovine 
pulp chamber were used as substrate to avoid 
analysis in curved areas, which could adversely 
affect in interpretation of the results. 
AH Plus sealer contains in its composition two 
non-polar resins: bisphenol-A and bisphenol-F epoxy 
resins [7]. The efficacy of a solvent in dissolving 
a solute or softening a polymer may be explained 
by the concept that polar solvents are better at 
dissolving polar compounds [22]. As ethanol is a 
polar solvent and resins of endodontic sealers are 
non-polar substances, it could be assumed that 
ethanol is incompletely miscible with these sealers, 
resulting in persistence of residues on dentinal 
surface. This date is in accordance with observed 
by Roberts et al. [22].
According to described by the manufacturer, 
to avoid a quick evaporation and enable an 
adequate time for use, the ethanol used in this 
study contains a low concentration of water in its 
composition. This may also have contributed to 
persistence of residues, because water is immiscible 
or incompletely miscible with some resin contained 
into the endodontic sealers [5, 10, 22]. 
Although all specimens presented residues on 
dentinal surface, its characteristics were different, 
as shown in figure 2. To Epiphany SE, the dentinal 
tubules were totally obliterated by sealer, but on 
this layer, it had presence of residues that were 
not totally removed by 95% ethanol. Despite the 
ethanol is recommended to use in solubility test 
to methacrylate-based sealer, this substance did 
not provide adequate ability to removal residues 
[16]. As Sealapex has a poorly formed matrix with 
low stability, high water absorption and reasonable 
degradation of this matrix occurs when in contact 
with water [3, 18], showing diffuse residues on 
dentine and with smaller size than those of AH 
Plus.
Therefore, 95% ethanol used as endodontic 
sealer residues removal protocol was inefficient, 
maintaining residues that can have negative effects 
on the prognosis of endodontic treatment. This led 
Figure 1 – SEM �icrogr�p�s (500X) represent�tive o� control �n� experi�ent�l groups: control (A), G1 – AH Plus 
se�ler resi�ues (B), G2 – Epip��ny SE se�ler resi�ues (C), �n� G3 – Se�l�pex se�ler resi�ues (D)
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to the conclusion that 95% ethanol was inefficiency 
to completely remove sealer residues on dentinal 
surface. Further studies should be undertaken in 
order to develop more efficacious cleaning protocols 
for the removal of endodontic sealers residues on 
dentinal surface, avoiding negative effects on bond 
strength of adhesive system or coronal discoloration 
of endodontically-treated teeth. 
Conclusion
Through the methodology used in this study, 
it was possible to observe that 95% ethanol was 
inefficiency to provide the complete removal of 
residues of epoxy-based (AH Plus), methacrylate-
based (Epiphany SE) or calcium-based (Sealapex) 
sealers on dentinal crown surface of bovine 
teeth.
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